Chandy et al suggested that a novel human neuronal small conductance, calcium-activated potassium channel gene, KCNN3, might be a candidate for schizophrenia.
Schizophrenia is a severe chronic mental disorder affecting about 1% of the general population across different ethnic backgrounds. 3 Previous family, twin and adoption studies suggested that genetic factors are important in the etiology of schizophrenia. 4 However, the mode of inheritance of schizophrenia is complex and it is generally believed that more than one gene is involved in the genetics of schizophrenia. 5, 6 Currently, several approaches such as linkage analysis, sib-pair analysis, association study and direct candidate gene analysis, are being employed to identify the schizophrenia susceptible gene(s). 7 However, the genes for schizophrenia remain elusive to date.
Recently, a gene encoding human small conductance, calcium-activated potassium channel type 3 (KCNN3) was isolated. 1 The human KCNN3 ion channel, which is expressed mainly in the central nervous system, may play an important role in regulating the firing pattern of human neuronal cells, as indicated by the functional studies of the homologous rat SKCa3 gene. 8 There are two CAG arrays of the human KCNN3 cDNA that encode two stretches of polyglutamine near the N-terminus of this potassium channel. Both of these two CAG stretches were found polymorphic in the Caucasian population from both Europe and United States, 1 which may generate a subtle difference of the electrophysiologic properties in the KCNN3 ion channel. Chandy and colleagues 1 first found that, upon comparing the allele frequency distribution of the second CAG triplet repeat, there is a significant overrepresentation of longer CAG triplet repeats in schizophrenic patients than in ethnically-matched controls in the Caucasian population from Europe and United States. These results indicate that the KCNN3 gene may play an important role in conferring susceptibility to schizophrenia. A similar result was observed in a recent replication study performed by Bowen and colleagues, 2 adding further support for an association between the KCNN3 gene and the pathogenesis of schizophrenia.
To verify if a similar result can be observed in the Chinese population, we undertook an association study in Han Chinese people from Taiwan. We directly genotyped the second CAG triplet repeat numbers of the KCNN3 gene among 92 unrelated schizophrenic patients and 100 normal controls, and determined their association with schizophrenia susceptibility. The second polyglutamine array of the KCNN3 gene is highly polymorphic in our cohort, which is similar to that in the Caucasian population. There are 16 alleles detected from both patients and control groups, ranging in size from 9 to 27 repeats. The largest 27 CAG repeat, inherited from an unaffected mother, was observed in a schizophrenic patient. The 19 CAG repeat is the most common in both groups, which is the same as in Caucasians. Figure 1 summarizes the allele frequency distribution of the CAG triplet repeats of both patients and controls. The allelic frequency distributions in both patients and control groups were found to deviate from normal distribution significantly (P = 0.0001) using Shapiro-Wilk test. Further analysis Figure 1 Allelic frequency distribution of different CAG triplet repeats of the second CAG triplet assay of the hSKCa3 gene among 92 schizophrenic patients and 100 controls in Chinese from Taiwan. The blank bar represents control, while the black bar indicates schizophrenic patients. There are 16 alleles detected in this cohort, ranging in size from 9 repeats to 27 repeats. The 13 repeats and 26 repeats were not detected in this study. There is no difference in the allelic frequency distribution between patients and controls using the Wilcoxon Rank Sum test (P = 0.664).
showed no difference of allelic frequency distribution between patients and controls using Wilcoxon Rank Sum test (P = 0.664). Moreover, no difference of distribution of longer CAG repeats than the modal value (19 repeats) was detected between patients and controls using Fisher's Exact test (P = 0.739). Thus, our data do not support an association between the second polymorphic CAG repeat in the KCNN3 gene and schizophrenia in our population. For power analysis, with the assumption of odds ratio (OR) differing significantly from unit, a sample of our size only has about 10% power at the ␣ level of 0.05, and at a more relaxed ␣ level of 0.15, there is only 25% power to detect a significant OR of 0.92.
In this study, we adopted a novel combination of primers to directly PCR amplify the second polymorphic CAG triplet repeats of our subjects as described in the Methods section. Our method is more efficient and more accurate in determining the allele size of the second CAG triplet repeats of the KCNN3 gene than the method used by Chandy and colleagues. 1 The primers used in part of the study by Chandy and colleagues, 1 included another polymorphic CAG repeat, and thus it was not possible to determine the allele size of the second CAG unambiguously. In addition, our direct PCR-based genotyping method avoids the laborious and cumbersome nested-PCR method as used in part of the study by Chandy and colleagues, 1 and should provide a better alternative for genotyping the second polymorphic CAG triplet repeats of the KCNN3 gene, which also should facilitate the replication studies by other research groups.
In the studies of both Chandy et al 1 and Bowen et al 2 , the most intriguing finding is that despite the statistically significant over-representation of the longer CAG repeats in the patients' group, there is considerable overlap of the allele frequency distribution of the CAG triplet repeat of the KCNN3 gene between schizophrenic patients and controls, which is distinct from other trinucleotide repeat expansion-associated neuropsychiatric disorders such as fragile X syndrome, Huntington's disease, myotonia dystrophy, and spinobulbar muscular atrophy, 9,10 that show distinct difference of the triplet repeat numbers between patients and unaffected controls. Even in patients with spinocerebellar ataxia type 6 (SCA6), who have only a moderate increase in the CAG triplet repeat numbers in the ␣1A-calcium channel gene, [11] [12] [13] and a continuous distribution of CAG triplet repeat numbers between normal controls and affected patients, 14 there is no overlap of the triplet repeat numbers between patients and controls. In addition, most of the trinucleotide-associated neurodegenerative diseases are dominant diseases and show high penetrance. The moderate association between the longer CAG triplet repeats of the KCNN3 gene and schizophrenia as indicated by Chandy et al As several studies have suggested an association between large CAG repeats and severe mental illnesses using the repeat expansion detection (RED) method, [15] [16] [17] the result is not unequivocal 18 and the candidate genes for schizophrenia remain unidentified. 19, 20 The results of our study, nevertheless, exclude the possible involvement of the CAG triplet-containing gene, KCNN3, in the pathogenesis of schizophrenia in our population.
Methods

Subjects
Ninety-two unrelated Han Chinese patients from Taiwan, fulfilling the diagnostic criteria of chronic schizophrenia according to the DSM-IV, were recruited into this study with informed consent, including 51 males and 41 females, with a mean age of 53 years. One hundred Han Chinese were randomly recruited from an outpatient unit in a community hospital at Taipei, as a control group with informed consent, including 49 males and 51 females, with a mean age of 55 years. The control subjects were not interviewed by psychiatrist for the screening of major mental illness. However, their medical records were reviewed; there were no subjects with major psychiatric disorder. The genomic DNA was prepared from peripheral blood cells using the standard method with proteinase K digestion, phenol-chloroform extraction and ethanol precipitation. The ethical approval of the project followed the regulation of the human subjects committee of the ROC.
Microsatellite genotyping
The second CAG trinucleotide repeat and flanking sequences were PCR amplified using sense primer (5Ј-CACCGTCAGTGTCACCAGTAGTCCCC-3Ј) and antisense primer (5Ј-GCCAAGCAAGTGGTCATTGAG-3Ј). The PCR products were labeled internally by adding infrared-labeled dATP (IR 770 -9-dATP, Boehringer Mannheim, Germany) to the amplification reaction. The PCR was carried out in a 25-l volume containing 100 ng genomic DNA, 1 M of sense and antisense primer each, 20 M of dNTP, 1× KlenTagI PC2 buffer, 0.05 M IR 770 -9-dATP, and 1.25 U KlenTaqI (Ab Peptides, St Louis, MO, USA). The PCR conditions were as follows: after an initial denaturation at 95°C for 3 min, 30 cycles of amplification were carried out at 95°C for 1 min, 63°C for 1 min, then 72°C for 2 min. After PCR amplification, the PCR products were ethanol precipitated to remove the unincorporated IR 770 -9-dATP. The purified PCR products were resuspended in 3 l water combined with 3 l sequencing stop solution (containing 95% formaldehyde). The sample was denatured by heating at 95°C for 5 min, then snap frozen in ice before electrophoresis. An aliquot (1 l) of the denatured sample was loaded onto a 6% sequencing gel for electrophoresis, and analyzed on an automated DNA sequencer LI-COR model LR4200. The size of the CAG repeat number in each sample was determined in comparison with the standard markers, whose CAG repeat numbers were determined by cloning and sequencing previously.
Statistics
The distributions of allele frequency of CAG repeats in patients and controls were examined for normal distribution using the Shapiro-Wilk test. The allele frequency distribution of CAG trinucleotide repeats between patients and controls was compared using the Wilcoxon Rank Sum test. The difference of the proportion of CAG repeats longer than the mode was examined using the Fisher's Exact test. Power calculations of this experiment were performed using a 2 test of the dichotomized allele distributions. All the statistics were performed using the SAS computer package. The statistical value of PϽ0.05 was considered significant.
